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Deltamethrin,  a type  II synthetic  pyrethroid,  has  lead  to a widespread  concern  over  the
potential  adverse  effects  on  human  health.  Adult  Wistar  albino  rats,  weighing  150–200  g,
were  divided  into  two groups  of ten  animals  each.  The  group  II rats  were  injected  with
deltamethrin  (1  mg/kg  body  weight)  intraperitoneally,  for  ﬁve  days/week  for a month.  The
group I were  controls.  Animals  were  sacriﬁced  within  24  h  of  the  last  injection  by  perfusion
under  anesthesia.  Parafﬁn  sections  (8 m)  were  cut,  and  stained  with  hematoxylin  and
eosin.  Histomorphometry  was  done.  There  was  a decrease  in  the  body  weight  but increase
in the  weight  of the  testis  of  rat. The  mean  vertical,  antero-posterior  and  transverse  diam-
eter of  the  testis  is reduced.  The  basement  membrane  enclosing  the seminiferous  tubules
appeared  thickened  at sites.  The number  of  seminiferous  tubules  per  unit  area  is statistically
signiﬁcantly  reduced.  There  was  a generalized  signiﬁcant  decrease  in  the diameter  and  theupporting  cell
istopathological changes
epithelium thickness  (height)  of  the  seminiferous  tubules,  associated  collapse  and distor-
tion at  sites of the tubules  predominantly  in the  central  region.  The  data  obtained  in the
present  work  suggest  that  gonadal  (testis) changes  could  seriously  affect the  reproductive
potential  of the rat.
© 2014  The  Authors.  Published  by  Elsevier  Ireland  Ltd. This  is  an  open  access  article  under
Y-NC-Nthe CC  B
. Introduction
In the past ﬁve years, deltamethrin, a type II synthetic
road spectrum pyrethroid, occupies a leading position in
any  countries for commercial agriculture, garden and
ome  pest control, forestry, aircraft disinfectant, livestock
pplication and public health programs and hence residues
n  foods are high leading to a widespread concern over
he  potential adverse effects on human health. Recently,
oxicity in form of excessive salivation, impaired limb func-
ion,  ataxia, loss of righting reﬂex, lethality, paraesthesias,
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choreoathetosis, tremors, rarely paralysis and convulsions
has been reported on mice, rat, rabbit and guinea pig via
dermal, oral and inhalational routes [1–3]. Reproductive
effects in rats include decrease weight of testis, seminal
vesicle, prostate gland, and decrease in sperm cell con-
centration, sperm motility, plasma testosterone levels and
pregnancy  rates [4]. Occupational hazards seen in human
are  transient cutaneous and mucous membrane irritation,
itching, dizziness, abnormal facial sensations, anaphylaxis,
bronchospasm, eosinophilia, fever, hypersensitivity, pneu-
monia,  sweating, and sudden edema of the face, eyelids,
lips, mucous membrane and tachycardia [5]. International
literature describes a signiﬁcant increase in the incidence
of  male infertility in humans in the past decade possi-
bly  due to environmental contaminants like pesticides [7]
which  act as endocrine disruptors and since they are being
is is an open access article under the CC BY-NC-ND license
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widely used ever since the international technological shift
in  industrial and agricultural development which involves
the  handling and exposure to various substances although
harmful to humans, further research is warranted. The
available information indicates that deltamethrin may  pose
serious  hazards to non-target organs like testis resulting in
infertility;  the present experimental study was undertaken
in  a mammal, albino rat.
2.  Materials and methods
2.1.  Experimental design
Inbred  adult Wistar albino rats (150–200 g) were
divided into two groups. Animals were group housed (12 h
light/dark  cycle) with ad libitum access to food and water.
The  group II rats were injected with deltamethrin without
dilution (1 mg/kg body weight) intraperitoneally, for ﬁve
days/week for a month. The group I were controls. Ani-
mals  were sacriﬁced within 24 h of the last injection by
perfusion under anesthesia. Parafﬁn sections (8 m)  were
cut,  and stained with hematoxylin and eosin. Observations
were done on every ﬁfth section of on a Zeiss light micro-
scope and Image Pro-Express Analysis System in both the
groups.
2.2.  Measurements
2.2.1. Body weight of the animals
The body weights were recorded before the onset of the
experiment and prior to the sacriﬁce of the animals. The
data  was tabulated and statistically analyzed.
2.2.2. Size and weight of the testis
The size of the testis was measured in a vertically
between the upper and lower poles. The antero-posterior
and transverse diameter was recorded in the middle of the
testis  with the help of vernier calipers in both the groups.
Each  testis was blotted and weighed in a electronic scale.
The  data was tabulated and statistically analyzed.
2.2.3. Histomorphological study
Observations were done on every ﬁfth section of the
testis stained with hematoxylin and eosin on a Zeiss light
microscope and Image Pro-Express Analysis System in both
the  groups.
The various characteristics of the testis with regard to
the  state of tunica albuginea, seminiferous tubules, various
cells  in the seminiferous epithelium and interstitial tissue
were  studied with hematoxylin and eosin staining in both
the  groups, experimental and control.
2.2.4. Histomorphometric study
For all linear measurements, Abercrombie’s [8] method
was  used, in which ocular micrometer was calibrated with
stage  micrometer.2.2.4.1. Calibration of ocular micrometer for linear measure-
ments. Calibration of ocular micrometer was done with the
help  of stage micrometer, separately for low power and
high  power objective of a light microscope, keeping theeports 1 (2014) 401–410
particular eyepiece and particular objective, the readings
were  constant.
2.2.4.1.1. Measurement of seminiferous tubules. The size
of  the seminiferous tubules was  measured in the periph-
eral  and central regions, from four different ﬁelds of every
section  of the testis. Two diameters at right angles to each
other,  passing through the center of the tubule were mea-
sured.  One was considered the long diameter and the other
called  the short diameter. Hundred tubular proﬁles that
were  round or nearly round were chosen randomly and
measured in each animal [9]. These readings, obtained from
experimental and control animals were tabulated and sta-
tistically  analyzed.
2.2.4.1.2.  Measurement of the epithelium thickness
(height) in the seminiferous tubules. The height of the
epithelium was measured in hundred seminiferous
tubules that were round or nearly round, at four sites, at
right  angles and opposite each other in the peripheral and
central  regions of the testis in each animal. The readings
from all the animals in both the groups were tabulated
and statistically analyzed.
2.2.4.2.  Tubular count.
2.2.4.2.1.  Measurement of unit area. An ocular microm-
eter with an engraved square grid was  used to measure an
area.  The length of one side of the square grid was cali-
brated with the stage micrometer, to ﬁnd out the length
of  one side of the grid. Then the area of the grid was then
calculated.
2.2.4.2.2. Tubule count in a unit area. Counting of sem-
iniferous tubules was  done in sections stained with
hematoxylin and eosin by placing an ocular micrometer
with an engraved square grid of an area of 57,600 m2,
in  the peripheral and central region. Tubules falling on
the  right and lower border of the square were included,
whereas those falling on the upper and left border were
excluded for the count. The four corners and two  central
ﬁelds in each section were chosen randomly and measured
in  each animal. The readings from all the animals in both
the  groups were tabulated and statistically analyzed.
2.2.5. Statistical analysis
Quantitative  observations in all the rats were done in
both  the groups and the data was tabulated and statisti-
cally analyzed by independent sample “t” test. But body
weight in the experimental and control rats after was tab-
ulated  and statistically analyzed by Tukey’s test. Statistical
analysis was  performed using SPSS 11.5 software. P < 0.001
was  considered as a signiﬁcant level.
3. Results
3.1. Control group
Animals  included in the study survived well throughout
the period of 30 days. There was no appreciable change
in  appetite and behavior of the animals. The mean body
weight of the animals was 178.50 ± 7.47 g before the onset
of  the experiment and 182.50 ± 8.57 g prior to the sacriﬁce
of  the rats (Table 1). There was an increase in the animal
A. Kumar, M. Nagar / Toxicology Reports 1 (2014) 401–410 403
Table 1
Comparison of body weight (gm) in control and experimental rats.
Group Mean (m) SD p-value (one way
ANOVA)
Signiﬁcance  (Tukey’s test at 5% level)
Before the experiment
Control 178.5 7.47
>0.001
The  groups were not statistically
signiﬁcantExperimental 181.5 6.25
<0.00
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Control  182.0 8.57
Experimental  166.0 8.09
eight before the onset of the experiment and prior to the
acriﬁce  but it was not statistically signiﬁcant (Table 1).
.1.1.  Gross observation
In  the adult rat the testes were light brown in color
nd were located in the scrotal sac, situated ventrolateral
o the anus with its curved surface directed caudally. The
esticles  of adult rats were large relative to the body size
nd  usually abundance of fat was seen surrounding them.
he  mean vertical, transverse and anteroposterior diame-
ers  of the left testis were 1.89 ± 0.029 cm,  0.91 ± 0.043 and
.88  ± 0.039 cm whereas diameters of the right testis were
.88  ± 0.030, 0.91 ± 0.032 and 0.87 ± 0.033 cm respectively
Table 2). The average weight of the left testis was
00 ± 46.33 g and of the right testis it was 907 ± 38.40 g.
ean  weight of the testis in controls was calculated as
03.61  ± 45.32 (Table 4).
.1.2.  Histomorphological and histomorphometric
bservations in control group
The seminiferous tubules were counted in a unit area
ith the help of an ocular micrometer with an engraved
quare grid and by a pro image-express analyzer. The mean
ount  of seminiferous tubule per unit area was found to
e  8.61 ± 0.43 (Table 5). The mean long and short diame-
er  of the peripheral seminiferous tubules measured was
19.87  ± 4.44 and 146.76 ± 8.42 m respectively (Table 6).
he  mean long and short diameter of the central sem-
niferous tubules was found to be 319.75 ± 11.74 and
16.97 ± 8.92 m respectively (Table 7). The mean height
f  the epithelium of the seminiferous tubule in the periph-
ral  and central region was measured to be 11.40 ± 0.93
nd  19.82 ± 1.48 m respectively (Table 8).
The interstitial tissue consisted of loose connective tis-
ue  with interspersed ﬂattened ﬁbroblasts, macrophages,
ymphatics, nerves, mast cells and interstitial cells of leydig.
.2.  Observations in experimental group after
eltamethrin treatment
.2.1.  Experimental group
During the course of the experiment, it was observed
hat the rats became more hyperactive immediately after
eceiving the ﬁrst dose of deltamethrin. The increase in the
ctivity  was accompanied by sneezing, shivering, groaning,
xcessive salivation which lasted for half hour. On sub-
equent days, the animals appeared sluggish, there was loss of appetite associated with loose feces and occa-
ional vomiting was observed. Before administration of the
ext  dose of the drug the rats became very aggressive and
howed  resistance during injecting the drug.1
Experimental group was statistically
signiﬁcantly different control groups
The mean body weight of the animals at the beginning
of the experiment was 181.50 ± 6.25 g while just prior to
the  sacriﬁce the weight was 166.00 ± 8.09 g (Table 1). The
decrease  in the body weight in the experimental rats after
administration of deltamethrin was found to be statistically
signiﬁcant (p < 0.001) by Tukey’s test when compared with
the  control animals (Table 1).
3.2.2. Gross observations
The  testis was  smooth and encapsulated. There were
patchy areas of fatty tissue adherence on the surface and
at  sites hemorrhages were observed. Grossly, there was  a
nodular  enlargement on the lower pole of the testis. No
abnormal lobulation of the testis was  seen (Fig. 1).
The  testis appeared smaller in size as compare to the
testis of control animals. When measured with vernier
calipers, the mean vertical, antero-posterior and trans-
verse diameters of the right testis were 1.87 ± 0.028,
0.87 ± 0.033 and 0.90 ± 0.030 cm respectively whereas it
was  1.88 ± 0.034, 0.87 ± 0.028 and 0.91 ± 0.044 cm in the
left  testis (Table 3). The average weight of the right and left
testis  was 1049.00 ± 46.47 and 1053 ± 44.42 respectively.
Mean weight of the testis in the treated rats was calcu-
lated as 1051.00 ± 42.41. The average weight of the testis in
the  treated rats showed a signiﬁcant increase in the weight
(Table  4).
Under the tunica albuginea, a number of cut sections of
the  seminiferous tubules were observed which appeared to
be  smaller and mostly irregular. The basement membrane
stained pink with hematoxylin and eosin. It appeared to be
slightly  thickened at sites (Fig. 2).
The mean tubular population in unit area appeared to
be  reduced. It was  found to be 4.62 ± 0.36 in a unit area
of  57,600 m2 where as it was 8.61 ± 0.43 in the control
animals (Table 5). On statistical analysis, the tubular pop-
ulation  was  signiﬁcantly reduced in the experimental rats
as  compared to the control animals (Table 5).
The mean long and short diameters of the periph-
eral seminiferous tubules were 219.19 ± 4.22 m and
132.92 ± 2.84 m respectively (Table 6). Statistical analysis
showed there was  no statistical signiﬁcant difference in the
diameters  of the peripheral seminiferous tubules as com-
pared  to the peripheral seminiferous tubules in the control
animals (Table 6). The mean long and short diameters of the
central  seminiferous tubules were 273.23 ± 7.52 m and
132.92 ± 2.84 m respectively (Table 7). Statistical analysis
showed there was a signiﬁcant decrease in the diameters of
the  central seminiferous tubules as compared to the central
seminiferous tubules in the control animals (Table 7).
The  average height of the epithelium in peripheral and
central seminiferous tubules was measured and found to
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Table 2
Diameters (cm) of the testis in control rats.
Serial no. Left side Right side
Vertical Antero-posterior Transverse Vertical Antero-posterior Transverse
1 1.88 0.84 0.85 1.87 0.84 0.90
2  1.90 0.86 0.88 1.86 0.84 0.88
3  1.86 0.88 0.92 1.92 0.92 0.92
4  1.92 0.90 0.94 1.95 0.90 0.94
5  1.94 0.92 0.96 1.86 0.84 0.92
6  1.86 0.88 0.98 1.88 0.91 0.94
7  1.88 0.84 0.88 1.86 0.86 0.96
8  1.86 0.96 0.86 1.87 0.88 0.88
9  1.88 0.90 0.88 1.88 0.83 0.86
10  1.88 0.84 0.92 1.86 0.84 0.89
Mean 1.89 0.88 0.91 1.88 0.87 0.91
SD  0.026 0.039 0.043 0.030 0.033 0.032
Table 3
Diameters (cm) of the testis in experimental rats.
Serial no. Left side Right side
Vertical Antero-posterior Serial no. Vertical Antero-posterior Serial no.
1 1.88 0.87 0.98 1.86 0.91  0.96
2  1.92 0.92 0.88 1.84 0.84 0.88
3  1.84 0.91 0.86 1.86 0.85 0.86
4  1.92 0.89 0.88 1.87 0.85 0.88
5  1.94 0.84 0.85 1.85 0.92 0.90
6  1.86 0.84 0.88 1.86 0.84 0.88
7  1.85 0.86 0.92 1.92 0.89 0.92
8  1.86 0.84 0.94 1.90 0.86 0.94
9  1.87 0.86 0.96 1.86 0.84 0.92
10  1.86 0.88 0.88 1.92 0.87 0.90
Mean 1.88 0.87 0.91 1.87 0.87 0.90
SD  0.034 0.028 0.044 0.028 0.029 0.030
Table 4
Comparison of weight (g) of testis in control and experimental rats.
Group Mean (m) SD p-value (one way ANOVA) Signiﬁcance (Tukey’s test at 5% level)
Control 903.61 45.32
<0.001
Both groups were signiﬁcantly different from
each otherExperimental  1051.00 42.41
Table 5
Comparison of mean count per unit area (57,600 2) of seminiferous tubules in control and experimental rats.
Region Group Mean () S.D p-value (one way ANOVA) Signiﬁcance (Tukey’s test at 5% level)
Mean count per unit
area
Control 8.61 0.43
<0.001
Both groups were signiﬁcantly different from
each otherExperimental 4.62 0.36
Table 6
Comparison of mean diameters (m) of peripheral seminiferous tubules in control and experimental rats.
Parameters Group Mean (m) SD p-value (one way  ANOVA) Signiﬁcance (Tukey’s test at 5% level)
Long diameter
Control 219.87 4.22
<0.001
Both groups were signiﬁcantly different from
each otherExperimental 219.19 4.22
Short  diameter
Control 146.76 8.42
<0.001
Both groups were signiﬁcantly different from
each otherExperimental 132.92 2.84
Table 7
Comparison of mean diameters (m) of central seminiferous tubules in control and experimental rats.
Parameters Group Mean (m) S.D p-value (one way ANOVA) Signiﬁcance (Tukey’s test at 5% level)
Long diameter
Control 319.75 11.74
<0.001
Both groups were signiﬁcantly different from
each otherExperimental  273.23 7.52
Short diameter
Control 216.97 8.92
<0.001
Both groups were signiﬁcantly different from
each otherExperimental  169.55 6.47
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Table 8
Comparison of mean thickness (m) of the epithelium of the central and peripheral seminiferous tubules in control and experimental rats.
Region Group Mean (m) SD p-value (one way ANOVA) Signiﬁcance (Tukey’s test at 5% level)
Central
Control 19.82 1.48
<0.001
Both groups were signiﬁcantly different from
each otherExperimental 18.32 1.53
<0.001
b
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wPeripheral
Control 11.40 0.93
Experimental 10.10 2.23
e 10.10 ± 2.23 and 18.32 ± 1.53 m respectively (Table 8).
t  was found to be statistically signiﬁcantly reduced when
ompared to the height of the epithelium in the control rats
n  both, the peripheral and central seminiferous tubules
Table 8).
.  Discussion
During the course of the experiment, it was observed
hat the rats became hyperactive immediately after receiv-
ng  the ﬁrst dose of deltamethrin. The increase in activity
as  accompanied by sneezing, shivering, groaning, and
xcessive salivation which lasted for half an hour. On sub-
equent  days, the animals appeared sluggish; there was  a
oss  of appetite associated with loose feces and occasional
omiting. Prior to the administration of the next dose of
he  drug the rats became very aggressive and showed resis-
ance  during injecting the drug. Deltamethrin is known to
e  neuropoisonous acting on the axons in the peripheral
nd central system by interacting sodium channels [10].
Fig. 1. Photograph of the experimental rat testis showing gr
ig. 2. Photomicrograph of the transverse section of the normal rat testis and exp
ith  irregular shape, basement membrane thickening. Hematoxylin and eosin staBoth groups were signiﬁcantly different from
each other
Manna  et al. [11] explained it to be a result of signiﬁ-
cantly low gamma  amino butyric acid concentrations in the
brain  tissue. Chen et al. [12] has suggested mitochondria-
mediated apoptosis of the nerve cells in the rat brain to be
the  cause of these toxic effects.
At the onset of the experiment the mean body weight
was 178.50 ± 7.47 g, while just prior to their sacriﬁce, it was
182.50  ± 8.57 g in the control rats. The slight increase in the
body  weight in these animals was not statistically signiﬁ-
cant.  In the experimental rats the mean body weight at the
beginning  of the experiment was  181.50 ± 6.25 g and prior
to  their sacriﬁce it was  166.00 ± 8.09 g. There was a statis-
tically signiﬁcant decrease in the body weight (p < 0.001)
(Graph 1) in deltamethrin treated rats which may  have
resulted due to the hyperactivity, excessive salivation, loss
of  appetite, diarrhea and the occasional vomiting observed
in  these animals. This decrease in body weight in exper-
imental rats is in accordance with the ﬁndings of Kavlock
et  al. [13] who reported a 20% reduction in the body weight
in  female rats. Madsen et al. [14] and Elbetieha et al. [6] also
reported  a similar reduction in body weight in male Fisher
owth (arrow marked) of the lower part of the testis.
erimental rat testis showing altered and distorted seminiferous tubules
in (200×).
406 A. Kumar, M.  Nagar / Toxicology Reports 1 (2014) 401–410
150
155
160
165
170
175
180
185
190
195
200
Prior to sacrifice Before the experiment
B
od
y 
w
ei
gh
t (
gm
)
Control Experimental
0.5
0.75
1
1.25
1.5
1.75
2
TransverseAntero-Post.Vertical
D
ia
m
et
er
 (c
m
)
Control Experimental
Graph 2. Comparison of the mean diameter (cm) of the testis in control
and experimental rats.
800
850
900
950
1000
1050
1100
ExperimentalControl
W
ei
gh
t o
f t
es
tis
 (m
g)Graph 1. Comparison of body weight (gm) in control and experimental
rats.
and Sprague-Dawley rats respectively after oral adminis-
tration of deltamethrin. Similar ﬁndings were seen when
deltamethrin was administered dissolved in propylene gly-
col  intraperitoneally in Wistar albino rat by Patro et al. [15].
However  our ﬁndings are in contrast with the observa-
tions of Sayim et al. [16] and Varshneya et al. [17] who did
not  observe a signiﬁcant change in the body weight of the
animals  after administration of a type II pyrethroid, cyper-
methrin. The difference in observation of the body weight
might  have resulted due to the different routes and doses of
administration used in our studies. However, Andrade et al.
[18]  observed no signiﬁcant alteration in body weight of
rats  after oral administration of deltamethrin. This could be
due  to the difference in the route of administration and/or
a  variable dose used as compared to the present study.
In  the control animals, the mean vertical, antero-
posterior and transverse diameters were 1.88 ± 0.030 cm,
0.87  ± 0.033 cm,  0.91 ± 0.032 cm respectively in the mid-
dle  of the testis. The vertical diameter of the testis in
the  present study is favorably comparable with Hebel and
Stromberg [19] who recorded a vertical length of 2.00 cm in
the  albino Wistar rat. The transverse diameter of the testis
as  cited by him was 1.40 cm was greater than either of the
antero-posterior and transverse diameters measurement
in the present study. The difference in opinion may  have
resulted due to the different methods of ﬁxatives used for
the  organ. According to Howroyd et al. [20] there are many
factors  that affect ﬁxation and different ﬁxatives are better
at  preserving tissue for different endpoints of analysis in
rat  testes.
In  the experimental group, the mean vertical length of
the  testis was 1.87 ± 0.028 cm where as in control rats,
it  was 1.88 ± 0.030 cm.  On statistical analysis it was  evi-
dent  that the apparent decrease in the length of the testis
when  compared to the control is not statistically signiﬁ-
cant.  The mean antero-posterior diameter of the testis in
the  control animals was 0.87 ± 0.033 cm and in the exper-
imental animals it was 0.87 ± 0.033 cm.  These values are
statistically insigniﬁcant when compared to the diame-
ters  in the control animals. The mean transverse diameter
was  0.91 ± 0.032 cm and 0.90 ± 0.030 cm in the control and
experimental animals respectively. The reduced transverse
diameter in the deltamethrin treated rats was not statisti-
cally  signiﬁcant as suggested by the independent sample “t”Graph 3. Comparison of weight (mg) of testis in control and experimental
rats.
test. These ﬁndings suggest that the deltamethrin did not
affect  the gross size of the testis in the albino rats (Graph 2).
Since  no data was available with respect to the measure-
ments of the testis after administration of this pesticide, it
could  not be compared.
The  mean weight of the testis on the left side was
900 ± 46.33 and 1053.00 ± 44.42 mg  and on the right side
was  907.22 ± 38.40 and 1049.00 ± 46.47 mg  in the con-
trol  and experimental groups respectively. This increase
in  the mean weight of the testis was  statistically signiﬁ-
cant (Graph 3). Madsen et al. [14] also observed signiﬁcant
increase in the testis and brain weight in Fisher rats after
administration of oral deltamethrin in soyabean oil by gav-
age  for 28 consecutive days. It was  suggested that the
increase in the weight was a result of excessive ﬂuid reten-
tion  in the interstitial tissue. In our study too this could be
a  one of causes for the increase in testicular weight and
probably if the duration of the experiment was prolonged,
ultimately a loss of testicular weight may  have resulted
due the associated tubular degeneration. Hassan et al. [21]
and  Abd El-Aziz et al. [4] exhibited a signiﬁcantly lower
weight of the testicles in rat after administration of oral
deltamethrin in doses as low as one milligram per kilo-
gram  per day (the lowest level tested) for 65 days. This
signiﬁcant reduction in testicular weight was  attributed to
the  signiﬁcantly reduced plasma testosterone levels which
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ccurred as early as 14 days after the onset of the treatment.
owever, Abd El-Khalek et al. [22] and Elbetieha et al. [6]
bserved  a reduced male reproductive organ weight with
ther  type II pyrethroids like cypermethrin and fenvalerate,
n  a dose-dependent manner in Sprague-Dawley rats. Rai
t  al. [24] observed reduction in the testicular weight after
mmobilization stress in albino rats which was attributed
o  the severe suppression of spermatogenesis and degen-
ration of testicular tissue.
In  the control animals, deep to the tunica albuginea,
ere a number of cut sections of normal seminiferous
ubules with intervening interstitial tissue. The mean long
iameter  of the seminiferous tubule in the controls var-
ed  from 319.75 ± 11.74 and 219.87 ± 4.22 m in central
nd peripheral tubules. The mean short diameter of sem-
niferous tubules is 216.97 ± 8.92 and 169.55 ± 6.47 m in
he  central and peripheral regions respectively. Kalla and
ansal  [23] observed that the diameter of the seminifer-
us tubules ranged between 269 and 289 m in mature
prague-Dawley rats. The mean diameters of the tubules
n  his study are lower than that in the present study proba-
ly  due to the different strain of rats used in the respective
tudies. It may  also be partially due to the concentration of
he  myoid cells in the lamina propria.
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In the experimental rats, deep to the tunica albuginea,
there were a number of smaller and mostly irregular cut
sections  of the seminiferous tubules. The basement mem-
brane  enclosing the seminiferous tubules appeared to be
slightly  thickened at sites and surrounded externally by
a  thin layer of lamina propria containing myoepithelial
cells. Similar observations were also reported by El-Gohary
et  al. [25] after administration of deltamethrin in adult
male  albino rats in a dose of 1 mg/kg intraperitoneally
for 21 consecutive days. The mean long and short diam-
eters  of the seminiferous tubules were 219.19 ± 4.22 and
132.92  ± 2.84 m and 273.23 ± 7.52 and 169.55 ± 6.47 m
in  the peripheral and central region of the testis respec-
tively. This generalized statistically signiﬁcant decrease
in  the diameter of the tubules (Graph 4 and 5) with an
associated collapse and distortion at sites of the tubules
predominantly in the central region may  have resulted due
to  the thickening of the tunica albuginea and a decrease in
the  vascularity in the central area of the testis. Elbetieha
et al. [6] found no changes in the diameter of tubules
in Sprague-Dawley rats after administeration of a type
II  pyrethroid. Whereas Andrade et al. [18] administered
deltamethrin in a dose of four milligrams per kilogram by
an  oral gavage and observed adverse effects on the diam-
eter  of seminiferous tubules. Smaller seminiferous tubule
diameters after introduction of deltamethrin in Sprague-
Dawley rats by Kilian et al. [26] were attributed to an
endocrinal disturbance leading to the atrophy of the male
reproductive health.
The  average height of the epithelium in peripheral and
central seminiferous tubules was measured and found to
be  10.10 ± 2.23 and 18.32 ± 1.53 m respectively in the
experimental rats as compared to the controls which were
measured to be 11.40 ± 0.93 and 19.82 ± 1.48 m in the
peripheral and central region respectively. Epithelial height
was  found to be statistically signiﬁcantly reduced in the
experimental rats when compared to the height of the
epithelium in the control rats in both, the peripheral anddue  to the detachment of these cells from the basal lam-
ina  resulting in a vascular insufﬁciency causes sloughing
of  these cells into the lumen leading to the decrease in
Short Diameter
Experimental
iniferous tubules in control and experimental rats.
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central and peripheral seminiferous tubules in control and experimental
rats.
the height of the tubular epithelium in the deltamethrin
treated rats resulting in a proportional spermatogenic
hypoplasia with marked thinning of the spermatogenic cell
rows.  Testicular atrophy and degenerative changes of the
seminiferous tubules have been reported in experimental
animals with various insecticides [29,30]. Our histopatho-
logical results are in agreement with the observations
of Hess and Nakai [28] who found that the administra-
tion of pyrethroids induced sloughing of germ cells and
abnormal development of the head of elongating sper-
matids and assigned these changes to the intracellular
redistribution of water and ions. Wu et al. [31] adminis-
tered deltamethrin in corn oil, intraperitoneally to male
Sprague-Dawley rats and found large number of cells
showed pyknosis and disruption of eosinophilic cyto-
plasm, indicating cellular degeneration. Kilian et al. [26]
after  administration of deltamethrin in Sprague-Dawley
rats observed a reduction of the epithelium thickness in
testes  along with apical sloughing and vacuolization which
he  suggested to be due to a disrupted endocrinal activ-
ity.
The  comparison between the numbers of tubules per
unit  area revealed that the tubules per unit area had
reduced in the experimental rats (Graph 7). This could
be  due to the increased edema in the interstitial space
between the tubules along with the reduced tubular
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Graph 7. Mean count of the seminiferous tubules per unit area
(57,600 m2) in control and experimental rats.eports 1 (2014) 401–410
diameter as a result of atrophy of the tubules, massive sper-
matogenic necrosis, more so in the central regions of the
testes.  Tewari et al. [27] also observed a similar decrease
in  the number of tubules in the central region of the testis
after  deltamethrin and suggested that this may  be due to
the  peculiar blood supply of the testis and/or because of
the  ﬁbrosed tunica albuginea. Observations of our study
are  in conformity with those of the Elbetieha et al. [6] who
observed an increase in the amount of connective tissue
between seminiferous tubules, a decrease in the perimeter
and  the number of seminiferous tubules per unit area in
male  Sprague-Dawley rats after administration of a similar
type  II pyrethroid, cypermethrin. Similar observations have
been  reported by Clos et al. [32], Tamura et al. [33], Turner
et  al. [34], Hernadez et al. [35]. According to Manna et al.
[11]  repeated doses of deltamethrin in rats caused an ede-
matous  ﬂuid accumulation between the tubules and focally
at  sites within some of the tubules. However in contrast,
Ameen [36] reported that there was  no ﬂuid accumulation
between the tubules in rats with type II pyrethroids. The
difference in opinion may  have resulted due to the higher
dose  and longer duration of the drug administration.
In control rats the interstitial tissue ﬁlled the intertubu-
lar space and consisted of loose meshwork of connective
tissue with the ﬁbroblasts, Leydig cells along with arte-
rioles,  venules and capillaries. Similar observations have
been  recorded by Richard et al. [37], Fawcett et al. [38]. In
the  experimental animal the intertubular space appeared
to  have increased. Deltamethrin probably caused damage
to  the components of the loose areolar tissue in the inter-
stitial  space along with the few of the Leydig cells resulting
in  an increase in the interstitial ﬂuid which has emerged
as  edema. This was called testes tissue cell damage by
Soleimanirad [39].
There  is a signiﬁcant increase in the incidence of male
infertility in humans in the past decade possibly due to
environmental contaminants like pesticides which act as
endocrine  disruptors [7]. Ever since the international tech-
nological  shift in industrial and agricultural development
from the 20th century they are being widely used involv-
ing  handling and exposure although these are harmful to
human.  Despite the diversity of habits and cultures around
the  world, various authors have reafﬁrmed the possible
signiﬁcant drop in sperm quality and consequently an
increase in male infertility rates, apparently this constitutes
an  international phenomenon [40–44]. The actual causes
of  increased infertility remain controversial but research
suggests that pyrethroids to which men  are exposed con-
stantly  in developing countries like India may be one of the
major  reasons that can affect male fertility.
Despite the relative lack of studies on this issue, the
relevance of such risk calls for further studies as well as
measures to prevent human exposure to the various envi-
ronmental harmful substances which may  be affecting the
male  reproductive system. The present study is one such
attempt with deltamethrin in a mammal, the albino rat
and  it is suggested that the distinct histomorphological
changes noted after chronic administration of deltamethrin
are characteristic of toxic effects on the testis like tubu-
lar  atrophy resulting in the absence or scarce formation of
normal  sperms and subsequent infertility.
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. Conclusion
There was a statistically signiﬁcant increase in the body
eight of the animals. The gross diameters of the testis
id  not reveal any statistically signiﬁcant difference. The
eight  of the testis had probably increased due to the
nterstitial edema as observed histologically. There was
 generalized signiﬁcant decrease in the diameter of the
ubules  with an associated collapse and distortion at sites
f  the tubules predominantly in the central region which
ay  have resulted due to the thickening of the tunica
lbuginea and a decrease in the vascularity in the cen-
ral  area of the testis. Epithelial height was found to be
tatistically signiﬁcantly reduced in the experimental rats
hen  compared to the height of the epithelium in the con-
rol  rats in both, the peripheral and central seminiferous
ubules. It is suggested that the detachment of these cells
rom  the basal lamina resulted in a vascular insufﬁciency
hich caused sloughing of these cells into the lumen lead-
ng  to the decrease in the height of the tubular epithelium
n the deltamethrin treated rats resulting in a propor-
ional spermatogenic hypoplasia with marked thinning of
he  spermatogenic cell rows. The distinct histopathologi-
al changes noted after administration of deltamethrin are
haracteristic of toxic effects on the testis.
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